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(57) Abstract 

Chimeric proteins and DNA sequences encoding chimeric proteins are provided, where the diimeric proteins are charac- 
terized by an extracellular domain capable of binding to a ligand. a transmembrane domain and a cytoplasmic domain capable 
f activating a signaling pathway. The extracellular domain and Qtoplasmic domain are not naturally found together. Binding of 
ligand to the extraoeiiular domain results in transduction of a signal and activation of a signsJing pathway in the cell, whereby the 
cell may be induced to cany out various functions relating to the signaling pathway. A wide varied of extracellular domains may 
be employed as receptors, where such domains may be naturally occuring or synthetia 



FOR THE PUSPOSES OF INPOmATiaS ONVSt 

of pamphlets publishing international 



Cbdcs used to identify States party to the PCT on the front 
applications under the PCT. 



AT 


Austria 


BS 


AU 


AusUalia 


n 


BB 


Barfaatkw 


PB 


BE 


BcJgUim 


CA 


BP 


Burkina Paao 


GB 


BG 


BMlfiaria 


GN 


BJ 


Benin 


GK 


Bft 


Brad] 


HU 


CA 




rr 


CP 


Oentral African Republic 


Jp 


GG 


Gongp 


KP 


CH 


Switzerland 




a 


G5(ed*lvotn: 


KR 


CM 


Casacxoon 


U 


CS 


Geccfaoslovafcia 


LK 


DB* 


Germany 


LU 


DK 


^Ocnmarlc 


MC 



France 



Greece 

Hungary 

luly 



Dcnocraiic Peopled 
oTKonsa 

RcpubUcoT Korea 



Sri Lanka 
Luxenbourfi 



MC 


Madagascar 


ML 


Man 


MN 


Mott^ia 


MR 


Mauritanja 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


SO 


Sudan 


SB 


Sweden 


SN 


Senegal 


SU* 


Soviet Union 


TO 


Chad 


TG 


TcfD 


US 


Unhcd Siaoa oT America 



+ Any ilffigiartnn f -fSlV hflg effect in the Russfam Federation. It is not yet kn wn whether 
any such designation has ^ect in other States of the fomm- Soviet Union. 



wo 92/10591 



PCT/US91/09431 



10 



CHIMERIC CH&INS FOR RECEPTOR-ASSOCIATED 
SIOIAL SRANSOUCnON PAXHNAYS 



TCTION 

The field of this invention is the use of chineric 
sxirface membrane proteins for signal transduction. 



Background 

Regulation of cell activities is frequently achieved 
by the binding of the ligand to a surface membrane 
receptor. The formation of the complex with the 
extracellular portion of the receptor results in a chemge 
in conformation with the cytoplasmic portion of the 
receptor undergoing a change which results in a signal 
being transduced in the cell. in some instances, the 
change in the cytoplasmic portion results in binding to 
15 other proteins, where the other proteins aore activated and 
may carry out various functions. In some situations, the 
cytoplasmic portion is autophosphorylated or 
phosphorylated, resulting in a change in its activity. 
These events are frequently coupled with secondary 
20 messengers, such as calcium, cyclic adenosine 
monophosphate, inositol phosphate, diacylglycerol , and the 
like. The binding of the ligand results in a particular 
signal being induced. 

There are a nmnber of instances, where one might wish 
to have a signal induced by virtue of employing a 
diff r nt ligamd. For example, on might wish to activate 
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particular T-cells, where the T-c lis will then be 
effective as cytotoxic agents, or activating agents by 
secretion of interletikins, colony stimiilating factors or 
other cytokines, which results in the stimulation of 
5 another cell. The ability of the T-cell receptor to 
recognize antigen is restricted by the natxire of the host 
MHC laolecxxles . Thus , the use of a chimeric T-cell 
receptor in which a non-MHC restricted ligemd binding 
domain is linked directly to the signal trcuisducing domedji 
10 of the T-cell receptor would permit the use of the 
restating engineered effector T-cell in any individual, 
regairdless of HHC genetic background. In this manner, one 
may change the ligand whi^ initiates the desired 
response, where for some reason, the natural agent may not 
15 be as useful. 

There is, therefore, interest in finding ways to 
modulate cellular responses in providing for the use of 
ligands other than the normal ligemd to transduce a 
desired signal. 

20 

Relevant Literature 

The T-cell antigen receptor hsis a non-covalent 
eissociation between a heterodimer and the invariant chains 
of CD3 (Weiss and ISnboden (1987) ftdv. Tiin nxmol. , 41; 1-38; 
25 Cleavers et al. (1988) Ann. Rev, Immunol, , 6:629-662; 
Frank et al. (1990) sem. Trnminoi^r 2:89-97). Description 
f the zeta chain may be found in Ashwell and Klatisner 
(1990) Ann, Rev, TTmr^nnftl . , 8:139-167. 
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Th ph sphatidylinositol-specific phospholipase C 
initiated activati n by the T-c 11 rec ptor ("TCai") is 
described by Weiss et ai. (1984) Proc. Natl. Acad. Sci. 
PSA p 815 416-4173; and Imboden and Stobo (1985) J. Exp. 
5 Med. , i6i:446-456. TCR also activates a tyrosine kinase 
(Samelson gt al. (1986) Cell , 16:1083-1090; Patel et al. 
(1987) J. Biol. Chem. . 262:5831-5838; CSlsi et al. (1989) 
J. Biol. Cfaem. . asi: 10836-10842, Where the zeta chain is 
one of the stibstrates of the kinase pathway (Baniyash et 
10 al- (1988) J. Biol. Chem. . 2^3:18225-18230; Samelson et 
al. (1986) , supra ) . Fyn, a member of the src fjunily of 
tyrosine kinases, is reported to coprecipitate with the 
CD3 complex, meUcing it an excellent cfmdidate for a TCR- 
activated kinase (Samelson et al. (1990) Proc. Matl. Acad. 
15 Sci. USA . £7:4358-4362). 

The nature of the zeta chain in the TCR con^jlex is 
described by Baniyash fit al. (1988) J. Biol, chftw. , 
253:9874-9878 and Orloff fife al. (1989) ibid ., 261:14812- 
14817. The heterodlmeric zeta and eta protein is 
20 described by Jin fit al- (1990) Proc. Watl . Acad. Sni . nsa , 
12:3319-3323. Discussion of the homo- and heterodimers 
may be found in Mercep fit al. (1988) Science . 211:571-574; 
and Mercep fit al. (1989) iblg., 216:1162-1165. See also 
Sussman fit al- (1988) Cell . 52:85-95. For studies of the 
!5 role of the zeta protein, see Weissman et al. (1989) embo. 
Jj., fi:3651-3656; Prank fit al* (1990) Science . 249: 174-177 r 
and Lani r fit al- (1989) Nature . 342:803-805. 
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F r discussi n f the ganma subimit of th Pc^ Rl 
receptor, escpressed on mast cells and basophils and its 
homology to the zeta chain, see Bevan and Cunha-Melo 
(1988) Procr, Allerov . 42:123-184; Einet (1989) Cell, 
5 57; 351-354; Benheuaou et al . , Proc> Natl, Acad, Sci, USA r 
87:5327-5330; and Orloff et al. (1990) Nature , 347 :189- 
191. 

SXMMaRY OF THE INVENTION 
10 Intracelluleur secondary messenger activation is 

achieved by employing chimeric proteins having a 
cytoplasmic region associated with transduction of a 
signal and activation of a secondary messenger system, 
frequently involving a kinase, and an extracellular region 
15 capable of binding to a specific ligemd and trzmsmitting 
to the cytoplasmic region a signal upon the f oriaation of 
a binding complex. Particularly, cytoplasmic sequences of 
the zeta and eta chains of TCR and the gamma chain of Fc^ 
Rl axB employed j oined to other than the natural 
20 extracelluleu: region by a trems-membrzme domain. In this 
manner, cells capable of expressing the chimeric protein 
can be activated by contact with the ligand, as contrasted 
with the noinaal mode of activation for the cytoplasmic 
portion. 

25 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Nov 1 ONA sequences, such DNA sequences as parts f 
escpression cassettes and v ctors, as well as their 
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presence In cells are provided, where the nov 1 sequences 
compris thr domains which do not naturally exist 
together: (1) a cytoplasmic domain, which normally 
transduces a signal resulting In activation of a messenger 
5 system, (2) a tremsmembreme domain, which crosses the 
outer cellular membrane, and (3) an extracellular receptor 
domain which serves to bind to a llgand and transmit a 
signal to the cytoplasmic doiaaln, resulting In activation 
of the messenger system. 
10 The cytoplasmic domain may be derived from a protein 

which Is known to activate various messenger systems, 
normally excluding the G proteins. The protein from which 
the cytoplasmic domain Is derived need not have llgeind 
binding capeU3lllty by Itself, It being sufficient that 
15 such protein may associate with another protein providing 
such capability. Cytoplasmic regions of Interest include 
the zeta chain of the T-cell receptor, the eta chain, 
which differs from the zeta chain only In Its most 
C-termlnal exon as a result of alternative splicing of the 
20 zeta mSNA and the geunma subunlt of the Fc^Rl receptor, and 
such other cytoplasmic regions which are capable of 
transmitting a signal as a result of interacting with 
other proteins capable of binding to a llgand. 

A number of cytoplasmic regions or functional 
25 fragments or mutants thereof may be employed, generally 
ranging from about 50 to 500 amino acids, where the entire 
naturally occurring cytoplasmic region may be employed or 
only an activ portion thereof. The cytoplasmic regions 
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of particulEo: interest are those which may be involved 
with one or more secondary messenger pathways, particular 
pathways involved with a protein kinase, more 
particularly, protein kinase C (PKC) . 
5 Pathways of interest include the 

phosphatidylinositol-specific phospholipase involved 
pathway, which is normally involved with hydrolysis of 
phosphatidylinositol-4 , 5-bisphosphate , which results in 
production of the secondary messengers inositol-1,4,5- 
10 trisphosphate and diacylglycerpl . Another pathway is the 
calcium mediated pathway, which may be as a result of 
direct or indirect activation by the cytoplasmic portion 
of the chimeric protein. Also, by itself or in 
combination with emother pathway, the kinase pathway may 
15 be involved, whicix may involve phosphorylation of the 
c^toplasxoic portion of the chimeric protein. One or more 
amino acid side chains, particuleurly '^rosines, may be 
phosphorylated. There is some evidence that fyn, a member 
of the src family of tyrosine kinases, may be involved 
20 with the zeta chain. 

While usually the entire cytoplasmic region will be 
employed, in many cases, it will not be necessary to use 
the entire chain. To the extent that a truncated portion 
may find use, such truncated portion may be used in place 
25 of the intact chain. 

The transmembrane domain may be the domain of the 
protein contributing the cyt plasmic portion, the domain 
of tlie pr tein contributing the extracelluleur porti n^ or 
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a domain associated with a totally different pr tein. For 
the most part, it will be convenient to have th trans- 
membrane domain naturally associated with one or the other 
of the other domains, particularly the extracellular 
domain. In some cases it will be desirable to employ the 
transmembrane domain of the zeta, eta or Fc^Rl gamma chains 
which contain a cysteine residue caped>le of disulphide 
bonding, so that the resulting chimeric protein will be 
able to form disulphide linked dimers with itself, or with 
unmodified versions of the zeta, eta, gamma or related 
proteins. in some instances, the trEOismembrane domain 
will be selected to avoid binding of such domain to the 
transmembrane domain of the same or different surface 
membrane protein. 

extracellixlar domain may be obtained from any of 
the wide variety of extracelltilar domains or secreted 
proteins associated with ligand binding and/or signal 
transduction. The extracellular domain may be part of a 
protein which is monomeric, homodimeric, heterodimeric, or 
associated with a larger number of proteins in a non- 
covalent complex. In particular, the extracellular domain 
may consist of an Ig heavy chain which may in turn be 
covalently associated with Ig light chain by virtue of the 
presence of CHI and hinge regions, or may become 
25 covalently associated with other Ig heavy/light chain 
complexes by virtue of the presence of hinge, CH2 and CH3 
domains. In the latter case, the heavy/light chain 
complex that becomes join d to th chim ric c nstruct may 
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constitute an antib dy with a specificity distinct from 
the antibody specificity of the chimeric construct. 
Depending on the function of the eUitibody, the desired 
structure and the signal tremsduction the entire chain may 
5 be used or a truncated chain may be used, where all or a 
part of the CHI, CE2, or CH3 domains may be removed or all 
or paort of the hinge region may be removed. Various 
naturally occurring receptors may also be employed, where 
the receptors are associated with siirface membreuie 
10 proteins, such as CD4, CDB -alpha, or cytokine or hormone 
receptors. The receptor may be responsive to a natural 
ligand, an antibody or fragment thereof, a synthetic 
molecule, e.g., drug, or any other agent which is capaUsle 
of inducing a signal. 
15 Where a receptor is a molecules: complex of proteins, 

where only one chain has the major role of binding to the 
ligemd, it will usually be desireUale to use solely the 
extracellular portion of the ligeuid binding protein . 
Where the extracellular portion may complex with other 
20 extracellular portions of other proteins or form covalent 
bonding through disulfide linkages, one may also provide 
for the formation of such dimeric extracellular region. 
Also , where the entire extracellular region is not 
required, truncated portions thereof may be employed, 
25 where such truncated portion is functional. In 
particular, when the extracellulau: region of CD4 is 
employed, n may us only those sequences rec[uired for 
binding of gpl20, the HiEV envel pe glycopr tein. In the 
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case in which Ig is used as the extracellular region, ne 
may simply us th antigen binding regions of the emtibody 
molecule and dispense with the constant regions of the 
molecule (for example, the Pc region consisting of the CH2 
and CH3 domains) . The light and heavy regions may be 
fused together to form a varisJale region. 

In some instances, a few amino acids at the joining 
region of the natural protein may be deleted, usually not 
more than 10, more usually not more than 5. Also, one may 
wish to introduce a small number of amino acids at the 
borders, usually not more than 10, more usually not more 
than 5. The deletion or insertion of amino acids will 
usually be as a result of the needs of the construction, 
providing for convenient restriction sites, ease of 
15 manipulation. Improvement in levels of expression, or the 
like. In addition, one may wish to substitute one or more 
amino acids with a different amino acid for similar 
reasons, usually not substituting more than about five 
amino acids in any one domain. The cytoplasmic domain as 
already indicated will generally be from about so to 500 
amino acids, depending upon the particular domain 
employed. The transmembrane domain will generally have 
from about 25 to 50 amino acids, while the extracellular 
domain will generally have from about 50 to 500 amino 
25 acids. 

Normally, the signal sequence at the 5' terminus of 
the open reading frame (ORF) which directs the chimeric 
pr tein to the surface membrane will be the signal 
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secjuence of th extrac llular domain. However / in some 
instances, one may wish to exchange this sequence for a 
different signal sequence. However, since the signal 
sequence will be removed from the protein, being processed 
5 while being directed to the sxirface membreme, the 
particular signal sequence will normally not be critical 
to the subject invention. Similarly, associated with the 
signal sequence will be a naturally occurring cleavage 
site, which will also normally be the naturally occurring 
10 cleavage site associated with the signal sequence or the 
extracellular domain. 

The chimeric construct, which encodes the chimeric 
protein according to this invention will be prepared in 
conventional ways. Since, for the most part, natural 
15 sequences may be employed, the natural genes may be 
isolated and manipulated, as appropriate, so as to allow 
for the proper joining of the various domains. Thus, one 
may prepsore the truncated portion of the sequence by 
employing the polymerase chain reaction (PGR) , using 
2 0 appropriate primers which result in deletion of the 
tmdesired portions of the gene. Alternatively, one may 
use primer repair, where the sequence of interest may be 
cloned in an appropriate host. In either case, primers 
may be employed which result in termini, which allow for 
25 annealing of the sequences to result in the desired open 
reading frame encoding the chimeric protein. Thus, the 
sequences may be selected to provide for restriction sit s 
which are bltuit-end d, r hav cos^lementary overlaps. 
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During ligati it is d sirabl that hybridization and 
ligation does not recreate either of the original 
restriction sites. 

If desired, the extracellular doiaain loay also include 
5 the transcriptional initiation region, which will allow 
for expression in the target host. Alternatively, one may 
wish to provide for a different tremscriptional initiation 
region, which may allow for constitutive or inducible 
expression, depending upon the teurget host, the pxirpose 
10 for the introduction of the subject chimeric protein into 
such host, the level of expression desired, the nature of 
the target host, and the like. Thus, one may provide for 
expression upon differentiation or maturation of the 
target host, activation of the target host, or the like. 
15 A wide variety of promoters have been described in 

the literature, which are constitutive or inducible, where 
induction may be associated with a specific cell type or 
a specific level of maturation. Alternatively, a number 
of viral promoters are known which may also find use. 
20 Promoters of interest include the p-actin promoter, SV40 
early and late promoters, immunoglobulin promoter, human 
cytomegalovirus promoter, and the Friend spleen focus- 
forming virus promoter. The promoters may or may not be 
associated with enhancers, where the enhancers may be 
5 naturally associated with the particular promoter or 
associated with a different promoter. 

The 8 quence of th pen reading frame may be 
obtained fr m genomic DNA, cDNA, or be synthesized, or 
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combinations thereof. Depending upon the siz of the 
genomic DNA and the number of introns, one may wish to use 
cDNA or a combination thereof. In many instances, it is 
found that introns stabilize the b^A. AlsOr one may 
5 provide for non-coding regions which stabilize the mRNA. 

A teriadLnation region will be provided 3* to the 
cytoplasmic domain, where the termination region may be 
naturally associated with the cytoplasmic domain or may be 
derived from a different source. For the most part, the 
10 termination regions are not critical and a wide variety of 
termination regions may be employed without adversely 
affecting es^ression. 

The veirious manipulations may be carried out in vitro 
or may be introduced into vectors for cloning in an 
15 appzropriate host, e,g. , S- coli . Thus, after each 
manipulation, the resulting construct from joining of the 
DNA sequences may be cloned, the vector isolated, and the 
sequence screened to insure that the sequence encodes the 
desired chimeric protein. The sequence may be screened by 
20 restriction analysis, sequencing, or the like. Prior to 
cloning, the secpience may be amplified using PGR and 
appropriate primers,, so as to provide for an ample supply 
of the desired open reading frame, while reducing the 
amount of contaminating DNA fragments which may have 
25 substantial homology to the portions of the entire open 
reading frame. 

The target cell may b trsmsformed with the chimeric 
c nstruct in any c nvenient manner. Techniqu s include 
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-la- 
calcium ph sphate precipitated DNA transf rmation, 
lectroporation, protoplast fusion, biolistics, using 
DNA-coated particles, tremsfection, and infection, where 
the chimeric constmict is introduced into an appropriate 
5 virus, particularly a non-replicative form of the virus, 
or the like. 

Once the target host has been transformed, usually, 
integration, will result. However, by appropriate choice 
of vectors, one may provide for episomal maintenance. A 

0 large number of vectors are known which are based on 
viruses, where the copy number of the virus maintained in 
the cell is low enough to laaintain the vieO^ility of the 
cell. Illustrative vectors include SV40, EBV and BPV. 

The constructs will be designed so as to avoid their 

5 interaction with other sxirf ace membrane proteins native to 
the target host. Thus, for the most part, one will avoid 
the chimeric protein binding to other proteins present in 
the surface membrane, in order to achieve this, one may 
select for a transmembrane domain which is known not to 

» bind to other transmembrane domains, one may modify 
specific amino acids, e.g. substitute for a cysteine, or 
the like. 

Once one has established that the transformed host is 
capable of expressing the chimeric protein as a surface 
membrane protein in accordance with the desired regulation 
and at a desired level, one jnay then determine whether the 
transmembrane protein is functional in the host to provide 
for the d sired signal induction. Since th effect f 



wo 92/10591 



14 



PCr/US91/09431 



signal induct! n of the particular cytoplasmic domain will 
be loiovn, one may use the established methodology for 
determining induction to verify the functional capability 
of the chimeric protein • For example , TCR binding 
5 results in the induction of CD69 expression. Thus, one 
would expect with a chimeric protein having a zeta 
cytoplasmic domain, where the host cell is ]aiown to 
express CD69 upon activation, one could contact the 
transformed cell with the prescribed ligetnd and then assay 
10 for expression of CD69. Of course, it is important to 
know that ancillary signals are not required from other 
proteins in conjunction with the particular cytoplasmic 
domain, so that the failxire to provide tremsduction of the 
signal may be attributed solely to thB inoperability of 
15 the chimeric protein in the paurticular taur^et host^ 

A wide variety of teurget hosts may be employed , 
normally cells from vertebrates , more particularly, 
meunmals, desirably domestic animals or primates, 
particularly htamans. The subject chijcaeric constructs may 
20 be used for the investigation of particular pathways 
controlled by signal transduction, for initiating celliQar 
responses Miploying different ligands, for example, for 
inducing activation of a particular subset of lymphocytes, 
where the lymphocytes may be activated by peirticular 
25 surface markers of cells, such as neoplastic cells, 
virally infected cells, or other diseased cells, which 
provide f r sp cific surface membran proteins which may 
be distinguished from the surfac membrane proteins n 
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normal cells. Th cells may b further m dified so that 
xpr ssl n cassettes may be introduced, wh re activation 
of the transformed cell will result in secretion of a 
particular product. In this maimer, one may provide for 
5 directed delivery of specific agents, such as interferons, 
TNF's, perforans, naturally occurring cytotoxic agents, or 
the like, where the level of secretion can be greatly 
enhanced over the natural occurring secretion. 
Furthermore, the cells may be specifically directed to the 
10 site using injection, catheters, or the like, so as to 
provide for localization of the response. 

The subject invention may find application with 
cytotoxic lympbocytes (CTL) , natural killer cells (NK) , 
tumor-infiltrating-lynqphocytes (TIL) , neutrophils, 
15 basophils, T-helper cells, or other cells which are 
capable of killing target cells or are capable of 
secreting cytokines when activated. Thus, diseased cells, 
such as cells infected with HIV, HTLV-I or li, 
cytomegalovirus, hepatitis B or C virus, myobacterium 
10 avium, etc., or neoplastic cells, where the diseased cells 
have a surface msurker associated with the diseased state 
may be made specific targets of the cytotoxic cells or the 
cytokine secreting cells. Alternatively, particular MHC 
proteins complexed with peptide ligands may be the targets 
5 recognized by the chimeric T-cell receptors described 
herein. By providing a receptor extracellular domain, 
e.g., CD4, which binds t a surface marker of the pathogen 
or neoplastic c nditi n, e.g., gpl20 for HIV, the c lis 
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may serve as therapeutic agents. By modifying the cells 
further to prevent the e3q)ression or tremslocation of 
functional Class I and/or II MHC antigens, the cells will 
be able to avoid recognition by the host immune system as 
5 foreign and can therefore be therapeutically employed in 
any individual regardless of genetic background. 
Alternatively, one may isolate and trans feet host cells 
with the sub j ect constructs and then return the 
transfected host cells to the host. 
10 other applications include transformation of host 

cells from a given individual with retroviral vector 
constructs directing the synthesis of the chimeric 
construct. By transformation of such cells and 
reintroduction into the patient one loay achieve autologous 
15 gene therapy applications. 

For the antibody receptor, ligeuids of interest may 
include viral proteins, for example the gB envelope 
glycoprotein of human ^tomegalovirus, and surface 
proteins found on cancer cells in a specific or amplified 
20 fashion, for exeuaple the HER-2 protein which is often 
amplified in humcm breast and ovariaoi carcinomas. For 
other receptors, the receptors and ligands of particular 
interest are CD4, where the ligand is the HIV gpl20 
envelope glycoprotein, and other viral receptors, for 
25 example ICAH, which is the receptor for the human 
rhinovirus, and the related receptor molecule for 
p liovirus. 
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The following examples are by way of illustration and 
not by way of limitation. 

EXPBRIMEMTAI. 

Materials and Ifethods: 
CD8/r chimera construction 

The polymerase chain reaction, PCR (Mullis sfe ai. 
(1986) Cold Soring Harbo r Svmnoslum on Quantitative 
MslfiSX/ LI, 263-273) was used to lunplify the 
extracelluljur emd transmembreme portion of CD8« (residues 
1-187) from pSV7d-CD8« and the cytoplasmic portion of the 
human C chain (residues 31-142 from pGEMSzC . DMA 
sequences are from (Littman efe al. (1985) Cell 40:237-246; 
CDS), and (Weissman st al. (1988) Pree. Natl. Aead. Sei. 
15 IJShf 15:9709-9713; C). Plasmids pSV7d-CD8« and p6EM3zC 
were Icindly provided by Drs. Dan Littman and Julie Turner 
(Univ. of CA, S.P.) and Drs. r.d. Klausner and A.M. 
Weissman (N.I.H.), respectively. Primers encoding the 3' 
sequences of the CD8 fragment and the 5* sequences of the 
20 zeta fragment were designed to overlap such that annealing 
of the two products yielded a hybrid template. Prom this 
template the chimera was amplified using external primers 
containing Xbal and BamHI cloning sites. The CD8/C 
chimera was subdoned into pTfneo (Ohashi afc al. (1985) 
HatHEfi, 21£: 606-609) and sequenced via the Sanger 
dideoxynucleotide technique (Sanger sfe al. (1977) Proe. 
Hatl. Acad. Sei. XJfff.^ 21:5463-5467). 



25 
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An1:ibodles 

C305 €uid Iieu4 mAbs recognize the Jurkat Ti fl chain 
and an extracellular determinant of CD3 e , respectively. 
OKT8, acquired from the ATCC^ recognizes an extracellular 
5 epitope of CDS. The anti-C rabbit antisemm, #387, raised 
against a peptide comprising amino acids 132-144 of the 
murine C sequence (Orloff et al. (1989) J. Biol. Chem, . 
264 ; 14812-14817) , was kindly provided by Drs. R.D^ 
Klausner, A.M. Weissmcm and L.E. Samelson. The anti- 

10 phosphotyrosine mAb, 4610, was a generous gift of Drs. D. 
Morrison, B. Druker, and T. Roberts. W6/32 recognizes an 
ixxvEuriemt determinant e3q>ressed on hunum HLA Class 1 
antigens. Leu23, reactive with CD69, was obtained from 
Becton-Dickinson Monoclonal Center (Milpitas, Ca.). MOFC 

15 195, an IgG2a, (Litton Bionetics, Kensington, MD) was used 
as a control mAb in FACS analysis. Ascitic fluids of mAb 
were used at a finea dilution of 1:1000 (a saturating 
concentra-tion) in all experiments unless otherwise 
stated. 

20 

Cell lines and Transf actions 

The human letdcemic T cell line Jtirkat and its 
derivative J.RT3-T3.5 were maintained in REMI 1640 
supplemented with 10% fetal bovine serum (FBS) glutamine, 
25 penicillin and streptonycin (Irvin Scientific) . Chimera- 
transfected clones were passaged in the above medium with 
the addition of Geneticin (GIBCO, Grand Islemd, NY) at 2 
mg/ml. Electroporation of pTfneo-CD8/C into Jurkat and 
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J.RT3-T3.5 was p r£ rmed in a Blo-Rad Gene Pulser using a 
voltage of 250V and a capaoitance of 96(]|iF with 20ng of 
plasnid per 10' cells. After transfection, cells were 
grown for two days in RPMI before plating out in 
5 Genet icin-containing medium. Clones were obtained by 
limiting dilutions and screened for TCR and CD8/C 
expression by Flow Cytometry (see below) . The Jurkat CD8 
clone, transfected with the wild-type CDS protein, was 
kindly provided by Drs. Julia Turner and Dem Littman. 

10 

Flow Cytoaetzy 

Approximately i x 10" cells/condition were stained 
with saturating concentrations of antibody, then incubated 
with fluorescein-eonjugated goat anti-mouse Ab prior to 
15 analysis in a FACScan (Bedcton Dickinson) as previously 
described (Weiss and Stobo 1984) . Cells analyzed for CD69 
expression were stained directly with fluorescein- 
eonjugated Leu 23 (anti-CD69 mAb) or MOPC 195 (control 
mAb) . 

20 

[Ca*^]! Measurement by Fluorimetry 

Calcium sensitive fluorescence was monitored as 
previously described (Goldsmith and Weiss 1987 Proc. Natl. 
Acadt gci. ?SA, 84:6879-6883) . Cells were stimulated with 
25 soluble mAb C305 and OKT8 at saturating concentrations 
(1:1000 dilution of ascities) . Maximal fluorescence was 
determined after lysis f the cells with Trit n X-100; 
minimum fluorescence was obtained after chelation f Ca** 
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with E6TA. [Ca'^^li was determined using the equati n 

[Ca^^j S (F^,er^ -Fi^)/(F„»x -Fabsarvd)/ With ^^250 TM aS 

described (Grynlciewica et al. (1985) Biol. Q^enUf 

260:3440-3448). 

5 

Inositol Phosphate Heasurement 

Cells were loaded with [^Jmyo-inositol (Amersham) at 
40 iiCi/ml for 3 hr. in phosphate buffered saline, then 
cultured overnight in RPMI 1640 supplemented with 10% 

10 fetal bovine serum. Cells were stimulated for 15 lain. 
with the indicated antibodies at 1:1000 dilution of 
ascities in the presence of 10 mH LiCl to inhibit 
dephosphorylation of IP^. The extraction and quantitation 
of soluble inositol phosphates were as described (Imboden 

15 and Stobo (1985) J. Exp. Med. . 161:446-456). 

Surface lodinations 

Cells were labeled with ^1 xising the 
lactoperoxidase/glucose oxidase (Sigma) procedure as 
20 described (Weiss and Stobo (1984) J. Exp. Med. , 160 :1284- 
1299) . 

Immunoprecipitations 

Cells were lysed at 2 x 10^ cells/200 ml in 1% NP40 
25 (Nonidet P40) , 150 mM NaCl, and 10 mM Tris pH 7.8 in the 
presence of protease inhibitors,. ImH PHSF, aprotinin, and 
leup^tin. Lysis buffer f r lysates t be analyzed for 
phosph tyr sine content was supplemented with ph sphatase 
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inhiblt rs as described (Oesai et ai. 1990, Natiir , VOL. 
14£: 66-69). lodinated lysates were supplemented with 10 
nM iodoacetamide to prevent post-lysis disulfide bond 
formation. Digitonin lysis was performed in 1% Digitonin, 
5 150 mM NaCl, lOnM Trie pH 7.8, 0.12% Triton X-100. After 
30 min. at 4*C, lysates were centrifuged for 10 min. at 
14,000 rpm., then predeared with fixed Staphylococcus 
aureus (Staph A; Calbiochem-Behring) . Alternatively, 
lysates of cells stimulated with antibody prior to lysis 
0 were precleared with sepharose beads. The precleared 
lysates were incubated with Protein A Sepharose CL-4B 
beads which had been prearmed with the immuno- 
precipitating antibody. Washed immunoprecipitates were 
resuspended in SDS sample buffer +/- 5% 6-mercaptoethanol 
) and boiled prior to electrophoresis on 11% polyacrylamide 
gels. 



stimulation of cells for assessment of ifliosiAiotyxoaiiie 
content. 

20 Cells were stimulated in serum free medium at 2 x 10' 

cells/ 200 111 with antibodies at 1:250 dilution of 
ascities. After 2 min. at 37'C, the medium was aspirated, 
and the cells lysed in lOO |il of NP40 lysis buffer. 
Lysates were precleared, then ultracentrifuged and samples 

25 resolved by SDS PAGE. 
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Imnunoblaks 

eels were equilibrated in transfer buffer (20 mM 
Tris-base, 150 aM glycine, 20% methanol) for 30 min. and 
transferred to nitrocellulose membranes in a Bio-Rad 
5 Western blotting apparatus run at 25 volts overnight. 
Membranes were blocked in TBST (10 mM Tris HCl [pH 8] , 150 
mM NaCl, 0.05% Tween 20) plus 1.5% ovalbumin, then 
incubated with either mAb 4G10 or r£a>bit anti-C smtiserum 
(#387) . The immunoblots were washed and incubated with a 
10 1:7000 dilution of alkaline phosphatase-conjugated goat 
anti-'mouse or goat anti-rabbit antibody. After 1-2 hours, 
the blots were wsished and developed with nitroblue 
tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate 
substrates as per manufacturer's instructions (Promega) . 

15 

IIr-2 Bloassay 

For stimulation, cells were coated with the indicated 
antibodies at saturating concentrations (1:1000 dil. of 
ascites) for 30 min. at 4*C. After removeil of unbound 

20 antibody, cells were spun onto 24-well tissue culture 
plates which had been precoated with red^bit anti-mouse Ig 
(Zymed labs) and blocked with medium plus 10% FBS. 
Phorbol myristate acetate, 'PSK (Sigma) emd ionoii^cin 
(Calbiochem) were added to final concentrations of 10 

25 mg/ml and 1 sM, respectively. Cell-free supematemts were 
harvested after 20 hr. of culture and assessed for II>2 
content utilizing the IIj-2 dependent CTLIi-2.20 cell line 
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In the MTT colorlmetrlc assay as d scrlb d (Hosmaim 1983, 
J. Immunol. Meth. . 55-63. 

5 cniaracterlzatlon of the CD8/t Chimexa in t cell receptor- 
positive and -negative JUrkat cells 

The CD8/C chimeric construct described previously was 
transfected via electroporation into both the Jurkat hunian 
T cell lexikemic line, yielding clone JCDB/C 2, and a 
10 Jurkat-derived mutant, JRT3.T3.5 deficient in full length 
Ti B chain transcripts and protein, yielding JB-CD8/C 14. 
Though JRT3.T3.5 es^resses normal levels of Ti a and the 
CD3 subunits, its deficiency in Ti fi es^ression results in 
the absence of TCR expression on the cell surface (Ohashi 
15 at fil. (1985) Hatiazfi, 116:606-609). Transfection of the 
chimera into this cell enabled assessment of f»s 
signalling phenotype without the explication of the 
additional TCR chains. Levels of surface expression of 
the chimera and TCR in stably transfected clones were 
!0 quantitated by flow cytometry using mAbs which recognize 
either CDS (OKT8) or the CD3 e subunit of the TCR (Leu 4) . 
Fluorescence histograms of these clones which both express 
high levels of CD8/C was observed; this cell was used as 
a control in all of the eaqjeriments. The three clones 
5 express comparable levels of CDS epitopes and T cell 
receptors with the exception of JB-CD8/z 14, which fails 
to express surface TCR. Thus the CD8/C chimera can b 



wo 92/10591 



-24- 



PCr/US91/09431 



express d on the cell surface in th absence of the TCR 
chains. 

To characterize the structure of the CD8/C chimeric 
protein^ cells were surface radioiodinated, lysed in 1% 
5 NP40, and subjected to inmunoprecipitation with 0KT8 or a 
norm al rabbit antiserum raised against a cytoplasmic 
peptide sequence of murine C • Under reducing conditions, 
antibodies against either CDS or C precipitate a single 
protein of 34-35kD from the chimera- trzuisfected cell, 
10 while 0KT8 precipitates a 29kD protein representing wild- 
type CDS from Jurkat CDS. Although CDS in its norm2a 
environment has an apparent moleculeu: weight of 32-34M), 
(Snow and Terhorst (1983), J, Biol> Chem. . 258:14675- 
14681, preliminary experiments compauring CDS in Jurkat and 
15 a CDS-positive line, HPB.ALL, suggest that the reduction 
in size of CDS observed here results from a distinct 
pattern of glycosylation in the Jurkat host. Under non- 
reducing conditions a more complex pattern of proteins is 
seen in immunc^recipitates of both CDS and the CDS/C 
20 chimera. a3iis complexity is characteristic of CDS 
precipitates since homomultimers and heteromultdLm^s have 
been previously observed (Snow €md Terhorst (1983) , 
supra ) • The two prominent species immunoprecipitated from 
JCDS/C 2 migrating at approximately 70 and lOOkD are likely 
25 to represent homodimers and homotrimers of the diimera. 
As there are ho cysteine residues for the formation of 
disulfide linkages with the C P rtion of the chimera, emy 
disulfide b nds formed in the chimera must ccur thr ugh 
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CDS. Ther fore, any protein forming a heterodimer with 
CD8/C is likely to form one with the wild-type CDS and 
thus should not account for amy signalling events 
specifically attributable to the CDB/C chimera. 
5 Non-covalent association of the chimera with 

endogenous CD3 y , 6 , and c may complicate the 
interpretation of signals tremsduced by the chimera. To 
determine whether removal of the extracellular and 
tramsmembrane domains of C is sufficient to result in its 
10 expression independent of the CD3 chains, cells were 
surface iodinated and lysed in digitonin, a detergent 
known to preserve the integrity of the TCR complex. 
Immunoprecipitates of the TCR in both Jurkat CDS and the 
TCR-expressing chimera-transf ectant JCD8 /C 2 , show 
15 identical patterns characteristic of a CD3 (Leu 4) 
immunoprecipitate. Though TCR-associated C is not well 
iodinated, as its extracellular domain contains no 
tyrosine residues for ledDelling, C immunoblots of CDS 
immunoprecipitates confirm its presence under these lysis 
20 conditions. A small quantity of labelled CD3 £ is seen in 
the Leu 4 immunoprecipitate of the TCR deficient cell 
despite the fact that this same mAb failed to etain this 
cell. The small amoxint of iamunoprecipitated protein seen 
is likely due to radiolabelling of internal CD3 c in a 
>5 small ntimber of permeabilized or non-viable cells during 
the labelling procedure. More importantly, no CD3 chains 
are detectable in precipitates of th CD8/C chimera in 
either TCR-positi n r -negativ c lis, nor is any chim ra 
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appeirent in the Leu 4 pr cipitate f JCD8/C 2 . Intentional 
overe3cposiire of the autoradiogram also fails to reveal TCR 
chains coprecipitating with the chimers. To further 
address the question of co-association of the chimera and 
5 TCR chains, the effect of euitibody- induced down modulation 
of the TCR on chimera expression was assessed. Whereas 
overnight incubation of JCD8/C2 with saturating amounts of 
C305, a mAb against an epitope of the Jxirkat Ti B chain, 
resulted in intemailization of 94% of the TCR, surface 
10 expression of the CD8/C chimera was unaffected. By these 
two independent criteria, no discernible association 
exists between CD8/C and the CD3 y , 6 , and € chains. 

To determine whether a covalent link exists between 
endogenous C and the CD8/C chimera, C immunoblot emalysis 
15 was performed compeuring C and OKT 8 immunoprecipitates in 
Jurkat CD8 and JCD8/C2. The euitiHT smtiserum 

immunoprecipitates both the chimera and C from JCDB/C 2, 
but only endogenous C from the Jurkat CD8 control. In 
contrast to the anting antiserum, 0KT8 immunoprecipitates 
20 the chimera but not C in JCD8/C 2, while neither species 
is detected in Jurkat CDS. Collectively, the results from 
these e3q>eriments and those described above, eorgue against 
an interaction between the chimera and endogenous T cell 
receptor subunits. 



25 
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Stimulation of CD8/C results in activation of the 
ph sphatidylinositol and tyrosine kinase pathways 

To determine whether binding of the extracellular 
domain of CD8/C would result in intracellular signalling 
5 events, the ability of 0KT8 to elicit an increase in 
cytoplasmic free calcium ([Ca+^JJ in chimera- transf acted 
cells was examined, A fluorimetry tracing obtained with 
JCD8/C2 upon stimulation of its TCE with the amti-Ti B 
monoclonal antibody C305 was obtained. With the addition 

10 of soluble OKT8, a substantial increase in calcixim ([Ca^^Ji) 
is seen, suggesting that the cytoplasmic domain of C is 
capable of coupling to signalling machinery which results 
in the activation of phospholipase C. The eibility of the 
chimera to tremsduce a signal in cells laclcing surface 

15 expression of the TCE chains was examined next. 
Stimulation of the TCR-negative JB-CD8/C 14 with C305 
results in no detectable increase in [Ca+^l^; however, 0KT8 
is still able to elicit a strong calcium response. The 
lack of significant increase in [Ca*^]^ with 0KT8 

20 stimulation in Jurkat CD8 demonstrates that the C portion 
of the chimera is required for the elicited [Ca*^] ^ 
response. 

Since the increase in [Ca*^]^ which occtirs with TCR 
stimulation is attributed to increases in inositol 
25 phosphates, the ability of CD8/C to induce PlPg hydrolysis 
was tested by assessing changes in total soluble inositol 
ph sphat s f llowing stimulation with 0KT8. Stimulation 
f CD8/C with 0KT8 resulted in the gen ration of inositol 
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phosphates in both chimera^escpressing cells. In contrast^ 
no inositol phosphates were noted with stimulation of the 
wild-type CDS protein in Jurkat CDS. Stimulation of TCR 
in Jurkat .CDS and CD8/C2 induced increases in inositol 
5 phosphates, whereas in the TCR-deficient tramsfectant, Jfl- 
CD8/C14, no such increase was observed upon TCR 
stimulation. These results are consistent with the 
calcium f luorimetry data and confirm the chimera ' s ability 
to activate phospholipase C even in the eJdsence of 
10 endogenous cell surface TCR chains. 

As stimtilation of the T cell receptor activates a 
tyrosine kinase pathway in addition to inositol 
phospholipid pathway , it was ia^ortant to determine 
whether chimera stimulation would result in tyrosine 
15 kiziase activation. Western blots reveal a siaall number of 
tyrosine-phosphorylated proteins existing in all three 
clones prior to stimulation. JJpon stimulation of Jurkat 
CDS and JCD8/C2 with C305, (anti-Ti B) , the tyrosine 
kinase pathway is activated as demonstrated by the 
20 induction of tyrosine phosphorylation of a number of 
proteins. As expected, C305 has no effect in the TCR^ 
negative transfect£uit, Jfl-CD8/Cl4. Stimulation of the 
chimera on both JCD8/C 2 nd Jfl-CD8/f 14 with 0KT8 results in 
the appearance of a pattern of tyrosine-phosphorylated 
25 bemds indistinguishable from that seen with TCR 
stimulation. In contrast, stimulation through wild-type 
CDS in Jurlcat does not result in induction of tyrosine 
ph sphopr teins. Thus, the CD8/C chimera, in the absence 
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f Tl and CD3 y , 6 , and e , Is capable f activating th 
tyrosine kinase pathway In a manner anal gous to that of 
an Intact TCR. 

Since JCD8/C 2 escpresses two discernible forms of C on 
5 its surface, -endogenous C and the C08/C chimera-, each of 
which could be stimulated independently, the specificity 
of receptor-induced C phosphorylation was addressed. 
Immunoprecipitates of C derived from the three clones, 
either tinstimulated, or stimulated with C305 or OKT8, were 
10 analyzed by western blotting with an anti-phosphotyrosine 
emtibody. A small fraction of the C immunoprecipitates 
were blotted with C antiseinam to control for differences 
in protein content between samples. Analysis of the 
lysate derived from TCR-stimulated JurJcat CD8 cells 
15 reveals a typical pattern of C phosphorylation with the 
multiplicity of bands from 16-211cO most likely 
representing the varying degree of phosphorylation of the 
seven cytoplasmic tyrosine residues of C . In this 
experiment, a small degree of constitutive C 
JO phosphorylation is detected in Jurkat CD8; however, this 
is not augmented by stimulation of the wild-type CD8 
protein. Whereas phosphorylation of C is seen with 
stimulation of the TCR in JCD8/C2 though weaker than that 
seen in C305-stimulated Jurkat CD8, no induced 
5 phosphorylation of the chimera is apparent. Conversely, 
stimulation of the CD8/C chimeric receptor on both JCD8/C2 
and IB-CD7/C14 results in a high degree of phosphorylation 
- of th chimera excluslv ly, seen as an Induced broad band 
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from 34-39kD. This result Indicates that the receptor- 
activated kinase responsible for ph sph rylati n of C 
recognizes its substrate only in a stimulated receptor 
complex. 

5 

Stimulation of CDB/C results in late events of T cell 
activation 

T-cell activation results from the delivery of 
receptor-mediated sign£j.s to the nucleus where they act to 
10 induce expression of specific genes. One such gene 
encodes the activation antigen CD69, whose siurface 
expression is induced within hours of T cell receptor 
stimulation and appears to be dependent on activation of 
protein kinase C (Testi et al., J, Immunol. > 142 :1854- 
15 I860. Although the function of CD69 in T cell activation 
is not well understood, it provides a marker of distal 
signal transduction events. Plow cytometry reveals a very 
small degree of basal CD69 e3q>ression on unstimulated 
cells. Mciximal levels are induced on all cells with 
20 phobol myristate acetate, PMK, an activator of protein 
kinEuse. Stimulation of the TCR results in induction of 
CD69 on Jurkat CDS and JCD8/C 2 , but _ not on the TCR- 
negative clone, J6-CD8/C14. Moreover, stimxilation of 
cells with OET8 induces CD69 on both cells es^ressing the 
25 CDB/C chimera. Though a minimal degree of CD69 induction 
is appeurent with stimulation of wild-type CD8 protein, 
this level is no higher them that obseirved with 
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stlnmlatlon of Jurkat CDS with a Class I HHC emtlbody 
W6/32 . 

Perhaps the most commonly used criterion to assess 
late activation events is the production of the 
5 iymphokine, interleiakin-2 (IL-2) (Smith (1986) Science , 
24fi: 1169-1176) . The IL-2 gene is tightly regulated, 
requiring the integration of a number of signals for its 
transcription, meildng it a valuable distal marker for 
assessing signalling through the CD8/C chimera. 
10 Stimulation of Jurkat CDS and JCD8/C2 cells with TCR 
antibodies in the presence of PHA res\ats in production of 
II.-2. 

JCD8/C2 and Jurkat CD 8 cells were stimulated with 
the indicated mAb or inomydn (l;a) in the presence of PM& 

15 (lOng/ml) . ll,-2 secretion was determined by the ability 
of culture supematants of stimulated cells to support the 
growth of the II.-2 dependent CTLL-2.20 cells. Since EMA 
alone induces no lL-2 production in Jurkat, yet has a 
small direct effect on the viability of the CTLL 2.20 

20 cells, values obtained with PMA alone were subtracted from 
each response value, yielding the numbers shown above 
Data from two independent experiments are presented. 
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Table 1. Induction of Tlr-2 Production 



15 





IL-2 (X3n±ts/iDl) 




Jurkat CD 8 


JCD8/C 2 




Exoeriment # 


Exoeriment # 


trnstimulated 
C305+HI2^ 

C305+OKT8+PMA 

W6/32+PM& 

lonooycin+PlDl 


#1 #2 

<0.1 <0.1 
13.5 9.1 
<0.1 <0.1 

<0.1 <0.1 
30.4 4.2 


#1 #2 

<0.1 <0.1 

3.7 2.1 

6.8 7.0 

<0.1 <0.1 
24.2 24.6 



ImportEintly, while treatment with 0KT8 on Jurkat CDS 
induces no IL-2, simileur treatment of JCDB/C results in 
levels of secreted IL-2 consistently higher than those 
produced in that cell with TCR stimulation. JB-CD8/C14 

20 responded more weakly to all experimental stimuli in this 
assay, but the data were qualitatively similar in that 
this cell reproducibly secreted IL-2 in response to OKTS 
but not to C305. These data confirm that in addition to 
early signal transduction events, later activation events 

25 occur upon stimulation of the CD8/C chimera, thus 
demonstrating its ability to couple to the relevemt signal 
transduction pathways in a physiologic manner* 

CD4-f CHIMERAS 
30 Construction of CD4-z&ta Chimeras 

Plasmid pG£M3zeta bears the human zeta cDNA and was 

kindly provided by Dr. R.D. Klausner and Dr. S.J. Frank. 

The plasmid pBS.Ii3T4 b ars the hiiman CD4 cDNA, cuid was 

kindly provided by Dr. D. Littman and Dr. H. Landau. A 
35 iMffll-Apal restriction fragment (app. 0.64 kb) 
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encompassing the entire hiimzm z ta chain coding s guence 
from r sidue 7 f the extracellxilar (EXT) domain, was 
excised from pGEM3zeta, and subcloned into the RamHT and 
^Eal restriction sites of the polylinker of pBluescript II 
5 SK (+) (pSK is a phagemid-based cloning vector from 
Stratagene, CA) , generating pSK.zeta. Siibseguently, a 
£S£HI restriction fragment enconpassing the entire CD4 
coding sequence (app. 1.8 kb) was excised from pBS.L3T4, 
and subcloned into the figi nHI site of pSK.zeta, generating 
10 pSK.CD4.zeta. 

Single-stranded DNA was prepared from pSK.CD4.zeta 
(Stratagene pBluescript II protocol), and used as a 
template for ollgonucleotide-mediated directional 
mutagenesis (Zoller, M. and Smith, M., Wuclelc Aelda Res. 
15 [1982] 10:6487-6500) in order to generate CD4-zeta 
chimeras with the desired junctions shown in Fig. 1 (and 
described below). CD4-zeta fusions 1, 2, and 3 were 
subsequently sequenced via the Sanger dideoxynucleotide 
technique (Sanger, F., Niclclen, S., and Coulson, A.R., 
!0 EHAS [1977] 74:5463-5467), excised as lsoRI-|EaI 
restriction fragments, and cloned into the polylinker of 
expression vector piK.l.i or plK.i.i.figo at identical 
sites . 

An EsoRi-B^nHI restriction fragment (app. i.a kb) 
5 encompassing the entire coding region of CD4 was excised 
from pSK.CD4.zeta, and subcloned between the IcoRl and 
BSlIl sites of the piK.l.i or pIK.l.l.Nge polylinker. 
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The plasmid pUCRNeoG (HudziaJc, et al^^ Cell [1982] 
31:137-146) carries the neomycin gene under the 
transcriptional control of the Rous Sarcoma virus (RSV) 3 » 
liTR. The RSV-neo cassette was excised from PDRCNeoG as a 
5 gincll restriction fragment (app. 2.3 kb) , and subcloned 
between the two Sspl sites of pIK.1.1/ generating 
pIK.l.l.lieo* 

pIK. 1.1 is a mammalian expression vector constructed 
by four successive cassette insertions into pMF2,. which is 
10 created by inserting the synthetic polylinker 
5»-HindIII-SEhI-ScoIU:-AatII-BglI-2feoI-3» into KesI and 
Saci sites of pSKII (Stratagene) , with loss of the KesI 
and Sad sites. Firsts a BamTrr ^xbal fragment containing 
the SV40 T emtigen polyadenylation site (nucleotides 
15 2770-2533 of SV40, Reddy, et al. ^ Science [1978] 200:494- 
502) and an Nhel-Sall fragment containing the SV40 origin 
of replication (nucleotides 5725-5578 of SV40) eire 
inserted by three-part ligation between the SglXI and ^Oiol 
sites, with the loss of the Bal ll,, ^aiPl, Xbal , Nhel , Sail 
20 and Xho l sites. These BamH I -Xba l and Nhe l -Sal l fragments 
are synthesized by PGR with pSV2Neo (Southern eind Berg, 
Mol. AppI. Gen. [1982] 1:327-341) as the template using 
oligonucleotide primer pairs 5 ' -GGTCGACCTGGATCCGCCATACCAC- 
ATTTGTAG-3 • , 5 » -GCCGC6GCTCTAGAGCCAGACATGATAAGATAC-3 « , 

25 5 • -AAGCTTGTGCTAGCTATCCCGCCCCTAACTCCG-3 » , and 5 » -CGAATTCGG- 
TCGACCGCAAAAGCCTAGGCCTCC-3 " , respectively, which 
incorporated BamH If Xbal ,, Nhe l and Sai l sites at their 
respective ends. Second, an Sphl-EcoR l fragment 
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containing the splice acceptor f th human « 1 globin gene 
second exon (nucleotides +143 to +251) is insert d b twe n 
the Sph I and EcoR I sites. This Sph l-EcoRI fragment is 
synthesized by PGR with pRS^feHP (Treismsm gt al. , PNAS 
5 [1983] 80:7428-7432) as the template using oligonucleotide 
primer pairs 5 • -GTCTATAGCaTGCTCCCCTGCTCCGACCCG-3 • and 
5 • -GGTACCGAATTCTCCrGCGGGGAGAAGCAG-3 • , which incorporated 
Sph I and EcoR I sites at their respective ends. Third, the 
synthetic polylinker 5 • -EseRI-BglII-AEaI-MtII-3 • is 

10 inserted between the EcoR I and the Aat ll sites. Fourth, 
a Hin dlll -Sac I fragment containing the CM7 IE 
enhancer/promoter (nucleotides -674 to -19, Boshart et 
al. , Cell [1985] 41:521-530) and a SacI-SPhI fragment 
containing the CMV IE first exon/splice donor (nucleotides 

15 -19 to +170) are inserted by three-part ligation between 
the Hin dlll and Sph I sites. The Hin dlll- Sac I fragment is 
prepared by PGR with pUCH.CHV (M. Calos, Stanford Univ.) 
as the template using oligonucleotide primers 5'-CGCCAAGC- 
TT6GCCATT6CATACGGT-3 • and 5 • -GAGGTCTAGACG6TTCACTAAACGAGC- 

20 TCT-3 * , which incorporated Hin dlll and Sad sites at their 
respective ends. The Sac I -SphI fragment is cheiaically 
synthesized. 

RESXTIjTS 

25 Design of CD4-zeta Chimeras 

The human CD4 molecule is currently the only well 
cheiracterized high af f inity. recept r f r HIV, and binds to 
the gpl20 moiety of the HIV nvelope glyc prot in, gpl60. 
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The mature CD4 molecule comprises an extracellular (EXT) 
domain (residues 1-371 of the mature CD4 protein) for four 
temdem Ig-like V regions (V1-V4} , a 24 aa transmembreme 
(TM) domain (residues 372-395 of the mature CD4 protein) / 
5 and a 38 aa cytoplasmic (CYT) domain (residues 396-433 of 
the mature CD4 protein) . Mutational analysis has shown 
that the determinants for high affinity binding of gpl20 
lie within the first 106 aa of CD4, VI* 

The mature zeta molecule comprises a 10 aa EXT 
10 domain, a 20 aa TM domain, emd a 112 aa CYT domain. 

Three CD4-zeta cdiimeric receptors (Fl, F2 and F3) 
were constructed from the extracellular (EC) and 
<^opl€ismic (CYT) domains of CD4 and zeta respectively. 
The transmembrane (TH) domains of these CD4-zeta receptors 
15 axB derived from zeta (Fl, F2) or CD4 (F3) • F2 and F3 
possess all four V domains. 
Specifically: 

F2 retains the CD4 EXT domain comprising all four V 

regions (residues 1-370 of the mature CD4 protein) , the TK 
20 domain of the zeta chain (residues 8-30 of the mature zeta 

chain) and the CVr domain of zeta (residues 31-142 of the 

mature seta chain) • 

F3 retains the CD4 EXT domain comprising all four V 

domains (residues 1-371 of the loature CD4 protein) , the TM 
25 domain of CD4 (residues 372-395 of the mature CD4 chain) , 

ana the CYT domain of zeta (residues 31-142 of the mature 

zeta chain) • 
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Fl retains nly the VI and V2 of the CD4 EXT domain 
(residues 1-180 of the mature CD4 protein) , the TM domain 
of zeta (residues 8-30 of the mature zeta chain) and the 
cytoplasmic (CYT) domain of zeta (residues 31-142 of the 
5 mature zeta chain) . 



Transient Expressi on of CDA-zata Ragftp ^nr-e 

Chimeric receptors Fl, F2, and F3, and the native CD4 
gene were introduced into an ej^ression vector plK.1.1 
10 which directs transcription via the CMV promoter/enhancer 
(see below for further description) . In order to evaluate 
the structural integrity and cell surface levels of 
expression of these chimeric receptors, a highly efficient 
transient escpression system was employed. Constructs were 
15 introduced by electroporation into the human embryonic 
kidney cell line, 293, cells were harvested 24 hours 
later, and subsequently analyzed by FACS employing a 
FITC-coupled Hftb specific for the VI domain of CD4, 0KT4A. 
It is apparent from the cell sorting that although 
20 similarly high levels of surface F2 and F3 are detected by 
0KT4A, the level of Fl detected by this antibody in the 
saine transient assay is extremely low. 

In order to address whether Fl was present in the 
membrane, and to assess the structure of the chimeric 
25 proteins, immunoprecipltation of radiolabelled proteins 
was carried out. 20 hours after electroporation of 293 
cells with either Fl, P2 or F3, cells were pulse-labelled 
with «S-methionine f or f ur h urs, lys d in 1% NP40, and 
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subjected to iinmunoprecipitati n -by either OKTAA (Ortho) 
or a rabbit antiserum raised against a cytoplasmic peptid 
of murine zeta (obtained from R- Klausner^ NIH) . The 
level of radiolabelled PI relative to either F2 or F3 is 
5 significantly higher when antizeta antiserum instead of 
0Kr4A is used as the immunoprecipitation agents These 
results suggest that the Fl receptor may not present the 
necessEiry topology for efficient binding of Vl-specific 
HAbs. 

10 

Fl and — F2 -Form Dimilf ide-Linked Homcardimers ; F3 is a 
Monomer 

Native zeta exists as a disul fide-linked homodimer or 
as a heterodimer in which the zeta chain is associated 

15 with eui alternatively spliced product of the same gene, 
Eta « Fl and F2 both possess the TM domain of zeta, and 
therefore should have the potentiea to form a homodimer 
(and possibly a heterodimer with native zeta) via the 
membreuie proximal cysteine residue (position 11 of the 

20 mature zeta chain) » In contrast, the TH domain^ of F3 is 
derived from CD4, and would therefore be expected to 
confer the native monomeric state of the native CD4 
molecule to the F3 receptor. 

In order to determine whether these receptors do toxm 

25 covalent linkages, immunoprecipitates of radiolabelled 293 
cells which had been electroporated with each of the 
constructs under ev£auation, were analyzed under reducing 
amd non-reducing conditi ns. Under both reducing emd n n- 
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r duclng conditions, a single protein f app. 70 kd Is 
Immtm pr clpltated by 0KT4A from 293 cells electr porated 
with F3. As e^^ected, CD4 also gives rise to a single 
protein of app. 60 kd under both reducing and non-reducing 
5 conditions. In contrast, Fl and F2 give rise to proteins 
of app. 70 kd and 150 kd respectively \inder non-reducing 
conditions, approximately dotible that seen under reducing 
conditions (app. 35 kd and 70 kd respectively) . These 
results demonstrate that Pi and F2, like native zeta, 
10 exist as disulfide-linked homodimers, whereas F3 exists as 
a mo nomer a s - doe s nat ive CD4. -"-These-data 'do not rule out 
the ability of F3 to form a non-covalently associated 
dlmer however. 

XntrodUCtion of CD4-2Bta Raeentoy g Into a Human «P Can 

The chimeric receptor genes Fl, F2, and F3, and the 
native CD4 gene, were introduced into a derivative of 
plK.1.1 bearing a selective marker, pIK.l.iNeo. Each 

20 construct was stably introduced via electroporation into 
the human T cell leukemia line, Jurkat, and independent 
Jurkat clones obtained by limiting dilution and selection 
to G418. Cell surface eacpression of the chimeric receptor 
was assessed by FACS analysis of Jurkat clones employing 

25 FiTC-coupled 0KT4A. Although native Jurkat cells express 
a low level of CD4 on the cell surface, transfectants 
expressing high levels f F2 or F3 wer readily identified 
due t the significantly higher levels of fluorescence 
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observed relative to tmtransfected c lis* Similarly, 
stable clones ea^ressing High levels of CD4 were also 
identified. In contrast, none of the clones isolated from 
cells electroporated with the Fl receptor construct 
5 revealed levels of 0KT4A-specif ic fluorescence higher than 
that seen with native Jurkat cells (See above) . 

FACS emalysis of over 100 Jtirkat clones, revealed 
that the F3 receptor has the potential to be stably 
expressed in Jurkat cells at significantly higher levels 

10 (up to 50 fold) than the F2 receptor. The zeta TH domain 
is -throght to be ' involved in = assenftAy and^^ceil surface 
eacpression of the TCR complex. Therefore it is possible 
that cell surface es^ression of receptors beeiring the zeta 
TM domain is limited by the availability of "resident" TCR 

15 ' ipha-^T^g (Ti, CDS). Irving and Weiss Cell (1^91) 64:891-901 
demonstrated that a CDa-zeta receptor in which the TM 
domain of zeta was replaced by that of CDS, is expressed 
in Jurlcat cells independently of the TCR complex. 
Presumably, the F3 receptor is similcurly uncoupled from 

20 the resident TCR chains by virtue of the CD4 TH domain, 
and therefore is not subject to the putative constraint on 
surface eaqiression levels escperienced by the F2 receptor. 

Induction of CD69 Expression Upon st ^^n^1^at^ Qn of Native 
25 and Chimeric Receptors 

CD69 (Iieu-23) is £m esurly human activation antigen 
present n T, B, and NK lyn^hocytes . CD69 is detected on 
the cell surface f T lymph cytes within 2 h urs aft r 
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stlanilatlon f CD3/TCR, reaching a naxlnal level by 18 to 
24 hours. CD69 Is therefore th first detec±able cell 
surface protein induced in response to CDa/TCR-mediated 
signals, and represents a reliable marker of T cell 
5 activation. The ability of the CD4-2eta chimeric 
receptors to specifically mediate CD69 induction in the 
Jurkat T cell line, emd selected representative Jurkat 
clones expressing either F2, F3, or CD4 for functional 
emalysis was investigated. 
10 Monoclonal emtibodies specific for the Ti «/p or CD3 

chains- =jsan mimic tba--«£eect -of '>«ntigen and -serve as 
agonists to stimulate signal tremsduction and T cell 
activation events. Cells were stimulated with immobilized 
MAbs specific for (a) the Ti p chain Jurkat, (C305) , 
15 (b) the CD3 £ chain (0KT3) , and (c) the VI domain of CD4 
(0KT4A) . W6/32 recognizes an invariant determinant of 
human HIA class I antigens, and was used in some 
experiments as a negative control. CD69 esepression was 
assayed by PACS analysis approximately 18 hours post- 
!0 stimulation, employing PITC-coupled anti-Leu 23 MAb. The 
results were as follows. Unstimulated cells exhibit a 
very low level of basal CD69 expression, but upon 
stimulation with a pharmacological activator of protein 
kinase C, phorbol myristate acetate (EMA) , maximal 
5 eicpression is induced, stimulation of native Ti with the 
C305 MAb, or native CD3 with the 0KT3 MAb, also results in 
induction t the CD69 marker. However, stimulation by 
OKT4A gives rise to a high level f CD69 expression only 
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for those traixs feet ants e3q)ressing a chimeric CD4-zeta 
receptor. For a ninnber of trans fectants, peurticulaurly 
F3-derived, the level of CD69 induction observed upon 
stimulation is equal to that seen with FMA. 
5 Stimulation of wild-type CD4 with 0KT4A results in 

little or no induction of CD69, when assayed in a number 
of Jurkat CD4-transfectEmts. Similarly, treatment of 
transfectants with the class 1 antibody, W6/32, had no 
signific£mt effect in this assay. 
10 These results confirm and extend the work of Irving 

and Weiss (1991) supra involving the CD8-zeta chimeric 
receptor, and show that CD4 chimeric receptors possessing 
the cytoplasmic tail of zeta function effectively in 
initiation of T cell activation events. Specifically, 
15 chimeric CD4-zeta receptors bearing the CD4 TK domain (F3} 
mediate T cell activation more efficiently (at least with 
respect to CD69 induction) than those bearing the zeta TM. 
domain (F2), de^ite the fact that the latter retains the 
homodimeric form of native ze1:a. It is possible that this 
20 difference in efficacy is due to the signific£uitly higher 
levels of chimeric receptor present on the cell surface of 
Jurkat clones es^ressing F3 con^ared to F2, and/or the 
possibility that "uncoupling" of the receptor from the TCR 
complex augments signalling via this particular pathway at 
25 least. 

F3 differs from F2 and native zeta, in that it does 
not exist in th form f a covalent homodimer. The 
CDS -zeta chimeric receptor described by irvdLng and Weiss 
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(1991) , supra exists as a dlsulflde-llnked dlmer (as do s 
nativ CDS), thus preserving the dimeric form of nativ 
zeta, despite the absence of the zeta TM domain. In 
contrast to CDS -zeta, the F3 receptor described here is 
5 xineOsle to form a disulfide-'linked homodimer as shown 
above. These data therefore demonstrate that covalent 
dimerisation of the chimeric receptor is not essential for 
initiation of T cell activation as measured by CD69 
induction. 

10 Following the procedure for detecting IIi-2 

expression, substantially as described above for the CD8-C 
chimera, I]>2 secretion was also observed in response to 
8mti-CD4 antibody by Jtirkat cells expressing the CD4-C 
chimera. 

15 It is evident from the above results that one can 

provide for activation of various signalling pathways in 
a host cell by providing for expression of a chimeric 
protein, which may serve as a surface membrane protein, 
where the extracellular domain is associated with a ligwd 

20 of interest, while the cytoplasmic domain, \^ich is not 
naturally associated with the extracellular domain, can 
provide for activation of a desired pathway. In this 
manner, cells can be transformed so as to be used for 
specific purposes, where cells will be activated to a 

25 particular pathway by an unnatural ligand. This c£in be 
exes^lified by using CD4 as the extracelltaar domain, 
where binding of an HIV protein can r suit in activation 
f a T-cell which can stimulate cyt t xic activity to 
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destroy infected cells, Siiollarly, other cells may b 
modified, so as to be more effective in disease treatment, 
or to immune effects and the lilce. 

All publications and patent applications mentioned in 

5 this specification are herein incorporated by reference to 
the same eactent as if each individual publication or 
patent application was specifically and individually 
indicated to be incorporated by reference. 

The invention now being fully described, it will be 

0 apparent to one of ordinary skill in the art that msmy 
changes and modifications can be made thereto without 
departing from the spirit or scope of the appended claims. 
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WHAT IS CIAIMED ISs 

1. A DNA s guence c mprlsing in r ading frame: 
a sequence encoding a signal sequence; 
a sequence encoding an extracellular surface membreme 
5 protein domain binding specifically to at least one 
ligand, by itself or in conjunction with a second 
extracellular domain; 

a trcmsmembreme domain; and 

a cytoplasmic domain of the TCR associated zeta chain 
10 or eta chain, or the gamma chain of the Pc^l receptor, 

wherein said extracellxilar domain and cytoplasmic 
domain axB not naturally joined together. 

2. A DNA sequence according to Claim 1, wherein 
said cytoplasmic domain is the zeta chain. 
^5 3. A DNA sequence according to Claim 2, wherein 

said extracellular domain is the heavy chain of em Ig, by 
itself or in conjunction with a light chain,, or truncated 
portions thereof. 

4. A DNA sequence according to Claim 2, wherein 
20 said extracelluleur domain is CD8. 

5. A DNA sequence according to Claim 2, wherein 
said extracellular domain is CD4. 

6. A DNA sequence according to Claim 1, wherein 
said transmembrane domain is naturally joined to said 

25 extracellulaur domain. 

7. A DNA sequence according to Claim 1, wherein 
said transmembrane domain is naturally joined to said 
cytoplasmic domain. 
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8. An expression cassette comprising a 
transcriptional Initiation region, a DNA sequence 
according to Claim 1 under the trsmscrlptlonal control of 
said transcriptional initiation region, and a 

5 transcriptional teinaiinatlon region. 

9. An escpression cassette according to Claim 8, 
wherein said transcriptional initiation region is 
functional in a mammal ism host. 

10. A cell comprising a DNA sequence according to 
10 Claim 1. 

11. A cell according to Claim 10, wherein said 
cytoplasmic domain is the CD3 zeta chain. 

12. A cell according to Claim 11, wherein said 
extracellulcur domain is the heavy chain of an Ig, by 

X5 itself or in conjunction with a light chain, or truncated 
portions thereof. 

13. A cell according to Claim 11, wherein said 
extracellular domain is CDS. 

14. A cell according to Claim 11, wherein said 
20 extracellular domain is CD4. 

15. A cell according to Claim 10, wherein said 
trzmscriptionetl initiation region is functional in a 
mammalian cell and said cell is a mammalian cell. 

16. A cell according to Claim 15, wherein said 
25 mammalian cell is a human cell. 

17. A protein coii^rising in the N-termdnal to C-* 
termincQ. dir ction: 
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an extracellxilar surfac mombrane prot in domain 
binding specifically to at last n ligand, by itself r 
in conjunction with a second extracellular domain; 

a tremsmembrsme domain; zmd 
5 a cytoplasmic domain of the CD3 zeta chain ^ the eta 

chain of CD3 or the gamma chain of the PCeRl receptor, 

wherein said extracellular domain emd cytoplasmic 
domain are not naturally joined together. 

18, A protein according to Claim 17, wherein said 
10 cytoplasmic domain is the CD3 zeta chain. 

19. A protein according to Claim 17, wherein said 
extracellular domain is the heavy chain of an Ig, by 
itself or in conjunction with a light chain, or truncated 
portions thereof. 

^5 20. A protein according to Claim 17, wherein said 

extracellular domain is CDS. 

21. A protein according to Claim 17, wherein said 
extracellular domain is CD4. 

22. A mammalian cell comprising as a surface 
50 membrane protein, a protein according to Claim 17. 

23. A mammalian cell according to Claim 22, wherein 
said extracellular domain is bound to a second protein to 
define a binding site. 

24. A mammalian cell comprising as a surface 
5 membrane protein, a protein according to Claim 19, wherein 

said cell is a cytotoxic T lymphocyte. 
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25. A mammalian cell comprising as a surface 
membirane protein, a protein according to Claim 21, wherein 
said cell is a cytotoxic T lymphocyte. 

26. A mammaliam cell comprising as a surface 
5 membreme protein, a protein according to Claim 19, wherein 

said cell is substantially free of surface expression of 
at least one of Class I or Class II MHC. 

27. A mammalicin cell comprising as a surface 
membarane protein, a protein according to Claim 21, wherein 

10 said cell is substantially free of surface expression of 
at least one of Class I or Class II MEC. 

28. A method for activating cells by means of a 
secondaury messenger pathway, said method comprising: 

contacting said cells with a ligand which binds to 
15 said extracellular domain and transduces a signal to said 
cytoplasmic domain, 

whereby said secondary messenger pathway is 
activated. 

29. A retroviral RNA or DNA constjruct conrprising an 
20 es^ression cassette according to Claim 9. 
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Obgervatiom where unity of lnv*»ntlon la lacking 



r^etailed reasons for holding lack of unltv invention 

The claims of the four grouos have the characteristics of 
four distinct inventive concepits* Group I certains to a DNA 
seauence, an expression cassette, a cell and a retroviral I^NA or 
DNA construct. Group II pertains to a protein .comprising, in the 
N-ter=!inal to C-terminal direction. Group III pertains to a 
mammalian cell comprlslno as a surface membrane protein. Grouo 
TV Dertains to a method for activating cells by means of a 
secondary messenger pathvay. Groups I*IV are separate and 
distinct Inventions. and require materially different 
considerations and searches. 

Itemized summary of claims groupings 

I* Claims 1*16 and 29 are» dravn to a DNA sequence* an 
expression cassette. a cell and a retroviral RNA or DMA 
construct, classified in Class 435, subclass 240.2; Class 536» 
subclass 27. 

II. Claims 17-21 are* dravn to a protein comprising in the 
N-terminal to C-termlnal direction: an extracellular surface 
membrane protein, classified In Class 530. subclass 350. 

III. Claims 22-27 are. dravn to a mammalian cell comprising 
as a surface membrane protein, classified in Class 435. subclass 
240-2. 

IV. Claim 28 Is, dravn to a method for activating cells by 
means of a secondary messenger pathvay. classified In Class 424. 
subclass 93. 



